Cointegration and causality analysis of dynamic linkage between stock market and equity mutual funds in Australia 
Public interest statement
The main objective of this research is to investigate the price comovement of the stock market and equity mutual funds. The findings of this study clearly encourage policy makers and investors to pay attention to equity mutual funds when making long-term and short-term investment decisions. The evidence shows that domestic equity mutual fund prices based on fund category have a significant impact on both long-and short-term stock market index prices. There is also evidence that stock market index prices can be forecasted by using the price information of the other equity mutual fund categories over recessionary and non-recessionary periods, especially the value equity mutual funds. Furthermore, the evidence shows that any movements in the S&P/ASX All Ordinaries index price cannot be used to predict the movement of equity mutual funds during non-recessionary periods. These results assist investors and policy makers to beware of the effects of economic conditions when predicting the security prices.
introduction
Mutual funds are emerging as an opportunity for investors to automatically diversify their investments in such a way that all their money is pooled and the investment decisions are left to a professional manager. There are various types of mutual funds that generally come with different investment objectives. Consequently, mutual funds have grown to play an important role in financial markets and the price prediction evaluation of mutual funds have performed evolved into an important topic for investors and academicians consider over the last decade.
The regulation of the managed funds industry in Australia is the responsibility of the Australian Securities and Investments Commission. There are two broad types of Australian mutual funds: first, asset funds that invest in single asset classes such as cash management funds, property funds, Australian equity funds, international equity funds, mortgage funds, fixed interest and bond funds; and second, there are mixed asset funds that invest in different types of asset classes such as growth funds, balanced funds and conservative funds. The value of funds under management in Australia has increased at an average annual rate of 11% since late 1991 and had Au$1.7 trillion in funds under management as at 31 December 2011 according to the Australian Bureau of Statistics (2011) . This equates to 1.30 times of the gross domestic product and around 1.26 times of domestic equity market capitalisation in the December quarter of 2010. The funds-management market has historically been divided into retail and wholesale segments. The wholesale market is dominated by superannuation funds and other large institutions. retail funds account for 85% of the entire mutual fund market. Additionally, retail equity funds continue to drive growth in the Australian funds management industry, with funds under management of Au$57,210 million in March 2010 according to the Morningstar Australasia (2010).
The statistics suggest that equity mutual funds play a vital role in Australia in investment and saving, capturing 40.11% of the mutual fund assets under management in the first quarter 2012, according to European Fund and Asset Management Association (EFAMA). Increased access to equity markets provides expanded opportunities for investors to diversify their investments. however, there is limited evidence of Australian equity mutual funds being investigated. New evidence from the Australian market allows individual investors to obtain practical and innovative ways to manage equity mutual funds and to obtain the skills of professional managers in charge of these funds.
Portfolio theory demonstrates that the gains from a diversified portfolio, involve different degrees of price co-movement between securities. rational expectations theory gives rise to forecasting tests that mirror those adopted when testing the optimality of a forecast in the context of a given information set. If domestic equity markets have a long-run tendency to diverge, there exist apparent gains from domestic diversification. on the other hand, the convergence of security prices suggests that the price of one security can be used to predict another. It is reasonable to expect that there is some degree of price responsiveness between the stock market and equity mutual funds. The degree and direction to which fund price categories are related to the stock market index are important not only for investors and fund managers with regard to their investment strategies, but also to academics and policy makers examining the implications of investing in domestic equity markets. The primary aim of this study is to examine the magnitude of price linkages between equity mutual funds and the stock market.
Within the literature available on fund price interaction, Allen and MacDonald (1995) used cointegration techniques to investigate international equity mutual funds using Australia as a main part of the study's sample of financial markets. The findings indicate that Australia does not have a longterm equilibrium relationship with the funds of the other 15 countries in the sample. recent empirical studies show that the price linkages in the equity market are not only international, but also regionally. Matallin and Nieto (2002) examine the relationship between mutual funds and the stock market in Spain and conclude that there is no evidence of a long-term equilibrium relationship. Low and Ghazali (2007) examine short-and long-run price linkages using evidence from Malaysia. The findings reveal no evidence of long-run equilibrium between unit trust funds and the local stock market index price. In the short-run, the Granger-causality tests indicate that unit trust funds and the local stock market index have a one-way relationship with market-to-fund causality. however, the study tests only one-way causality on past values of mutual funds and the stock market index. Chu (2010) examines short-and long-run price linkages with evidence from hong Kong using monthly fund prices for 101 mandatory provident funds. The study finds some funds have both a long-and a short-run relationship.
A key difference between current analysis and the above studies is that this study examines price linkages by controlling for various equity mutual fund categories. Previous studies have used standard Engle-Granger techniques to determine the long-run relationship between the variables and test unidirectional causality with a small number of studies taking structural breaks into account. The current study examines long-term equilibrium relationships and short-term exogeneity using VECM based tests of causality, and block exogeneity tests with structural breaks. It is believed, from a thorough search of the literature, that no other study has used Johansen cointegration and the Granger-causality tests to investigate the price linkage between equity mutual funds and market security prices using Australian data. The study contributes further with its investigation of the potential benefits from domestic diversification by using equity mutual fund categories, which have not been addressed in the causal relationships of equity mutual funds previously.
The results indicate that some equity mutual fund categories fail to design their portfolios to beat the stock market. The evidence of cointegration implies the possibility of profiting from arbitrage because it is possible to partially forecast the stock market index price by using the prices provided by the equity mutual funds. The results show bidirectional Granger-causality along the equity mutual fund categories, suggesting the middle and small-cap value equity mutual fund prices contribute more than the middle and small-cap blend equity mutual funds to changes in the large-cap blend equity mutual fund prices. The results suggest a bidirectional causality between the large-cap blend and value equity mutual funds suggesting, the large-cap blend equity mutual fund prices contribute much to change in the large-cap value equity mutual fund prices.
In addition, the Granger causality results suggest a bidirectional relationship between the middle and small-cap equity mutual fund categories, showing that the middle and small-cap growth equity mutual fund prices contribute more than the middle and small-cap value equity mutual fund prices to changes in the middle and small-cap blend equity mutual fund prices. The results indicate that the middle and small-cap blend equity mutual fund prices contribute more than the other middle and small-cap equity mutual fund prices to changes in the large-cap value equity mutual fund prices.
The remainder of this study is organized as follows. Section 2 discusses the data and a specific model for investigating price interaction. Section 3 discusses the findings of the primary analysis. Section 4 provides a summary of the findings and policy implications.
Data and the construction of Dynamic Pricing analysis

Data
The study obtains daily closing prices in three different categories of open-ended Australian largecap equity mutual funds: blend (LB), growth (LG), value (LV), and three Australian middle and smallcap equity mutual funds: blend (MSB), growth (MSG), and value (MSV). Together these companies represent 110 equity mutual funds. The S&P/ASX All ordinaries index is used as a market portfolio because this index comprises the 500 largest companies in the Australian equities market. historical daily data on equity mutual fund prices and the market index are obtained from the Morningstar Direct Database over the period 2000-2010. The Quandt-Andrews test (Andrews, 1993; Quandt, 1988) is performed to ascertain an indication of a structural break. The results of testing structural breaks indicate that a structural break exists around observation number 1,956 (which corresponds to 2 July 2007). on the basis of this finding, considering the turmoil in both the national and international financial markets as a result of the global crisis in March 2007, the study is divided into three periods of time. First, the pre-crisis period includes 1,956 observations and it runs from 3rd January 2000 to 2nd July 2007. Second, the post-crisis extends from 3rd July 2007 to 31st December 2010 encompassing 914 observations. Third, the full period from 3rd January 2000 to 31st December 2010, includes 2,870 observations.
Dynamic Pricing Models
All variables are transformed into natural logarithms because, over time, prices are skewed, so a lognormal distribution better reflects the reality of the prices (harrington, 1987) . The seminal paper by Granger and Newbold (1974) shows that the problem of spurious regressions exists in those regressions containing nonstationary variables. Therefore, the vector autoregression (VAr) model is designed for use with nonstationary series that are known to be cointegrated (Ben-Zion, Choi, & hauser, 1996; Chu, 2011) . As a result, it is necessary to test the variables for stationarity before proceeding with the analysis of the VAr model. The study performs the Augmented Dickey-Fuller (ADF) (Dickey & Fuller, 1979 , 1981 and the Phillips-Perron (PP) (Phillips & Perron, 1988) tests to examine the presence of unit roots of the variables. The VAr and its stability is tested and optimal lag orders are selected using the model selection criteria to find the most parsimonious model. To explore the relationship between equity mutual funds and the S&P/ASX All ordinaries index for each period, the model is specified as follows:
where t is intercept and 1 , … , 6 are coefficients. If the variables are integrated of the same order then the Johansen test for cointegration with a constant and linear deterministic trend is used to test the long-run equilibrium relationship between the variables. If the series are cointegrated, the Vector error correction model (VECM) is estimated using the optimal lag found in the VAr to investigate the transmission mechanism with error correction terms (ECTs) between the variables. For each period, the study performed the VECM model:
where t is the intercept and 1 , … , 7 are coefficients. Δ is the first difference operator; is providing the information on the speed of adjustment coefficient to long-run equilibrium, and ECT is an error correction term derived from the long-term cointegrating relationship. The optimal number of lagged difference terms is to be included (p). Therefore, Granger-causality tests are compiled with variance decomposition analyses completed when cointegration is present in the VECM. Brooks (2008) mentions that the ordering of the variables is important to calculate for the variance decomposition when there is a contemporaneous correlation between the residuals. The Cholesky decomposition is used to define the ordering of variables in this study. The first variables will be selected so that it has a high potential immediate impact to all other variables. This is followed by an analysis of the ECTs which are ranked according to their magnitude and the significance of the variables.
Results
The study performs a unit root test on both the price levels and first difference of the variables under the null hypothesis that all series variables are nonstationary, and against the alternative hypothesis that all series variables are stationary. This includes in the latter case the errors of the first difference (1)
The results of the unit root tests are presented in Table 1 for the pre-crisis, post-crisis and full study periods (see Panels 1-3).
Similar unit root test results are found between the ADF and the PP tests during the three study periods. The results of the price level series fail to reject the null hypothesis in that all members of the time series are nonstationary. There are indications that all level price series are nonstationary as the t-statistic critical values are greater than the ADF and the PP critical values.
The study then applies the same test to their first differences. The results show a rejection of the null hypothesis and an acceptance of the alternative hypothesis in that all first difference series are stationary at the 1% level of significance. The studies conclude that the level series of price variables are nonstationary and the return series of the variables are stationary data and do not contain a unit root. The study applies the unit root test to the residuals of the linear combination. The presence of a unit root in the residuals indicates that the residual term is stationary. This means that the series examined are integrated nonstationary processes and there exists the possibility of a long-run equilibrium relationship between them.
The study employs a specific VAr estimated to apply a specific lagged endogenous multivariate model. Three different information criteria are used for model selection in order to determine the appropriate lag length of the VAr models along with the Likelihood ratio (Lr), Wald test for lag exclusion and the Final Prediction Error (FPE): The information criteria are Akaike information criterion (AIC), Schwarz criterion (SC) and hannan-Quinn criterion (hQ). results of lag order selection, in most cases, suggest that the lag length of VAr is p = 3 according to FPE and AIC. The SC finds one lag as the appropriate lag length, while the VAr lag exclusion Wald and hQ tests indicate that two lags are significant for the system. By selecting lag length criteria, the statistical results show that lags of order two are sufficient based on that suggested by the VAr lag exclusion Wald test and hQ statistics. hence, the study selects the optimal lag with the lag interval one to two for cointegration and causality tests based on the VAr. This decision is justified based on the interaction of these variables in a level of relatively efficient Australian stock market (Groenewold & Kang, 1993) .
The next stage in the analysis consists of determining whether the equity mutual fund categories are cointegrated with the S&P/ASX All ordinaries index. As the VECM specification only applies to cointegrated series, it is necessary to run the Johansen cointegration test prior to the VECM specification. Testing for the presence of cointegration among the variables involves the use of the maximum likelihood method according to Johansen (1988) based on a VAr. Both Trace and Maximum eigenvalue statistics are based on the assumption of linear trends in the data, but no trends in the cointegration equations.
The results agree in all three study periods as the equity mutual funds are cointegrated with the stock market index. In the case of the pre-crisis and post-crisis periods, there are two cointegrating vectors using the critical value for Trace and Maximum eigenvalue statistics. In the case of the full study period, the results show that there is one cointegrating vector using the critical value for the Trace and Maximum eigenvalue statistics. Thus, the results strongly suggest that there is an equilibrium long-run relationship between the stock market index prices and equity mutual fund prices.
The existence of cointegration implies Ganger-causality; therefore, the ECT of the VECM indicates exogeneity the speed of the model to long-term equilibrium. The study considers the first cointegration vector in deriving the VECM as the test results are highly significant. Table 2 shows the ECT estimates of the variables with lag specification one to two as evidence of cointegration for the pre-crisis, post-crisis and full study periods (see Panels 1-3).
The results of the estimated ECTs for the pre-crisis period are presented in Panel 1 of Table 2 . The ECT value has a significant negative effect on the stock market index at the 1% level, when the S&P/ ASX All ordinaries index is treated endogenously. The significance of the ECT value confirms the existence of a long-run equilibrium relationship between the stock market index and equity mutual funds. This indicates that if the S&P/ASX All ordinaries index prices are too high in the short term, they will decrease by 4.90% per time period to eliminate the discrepancy caused by their own shocks and equity mutual fund price shocks.
The ECT value has a significant effect on the middle and small-cap growth equity mutual funds at the 5% level, when this variable is treated endogenously. This indicates that the other equity mutual fund price categories and the stock market index price do contribute to changes in the middle and small-cap growth equity mutual fund prices in the long-run. An ECT of −.020 implies that the feedback into the short-run dynamic process from the previous period is 2%. The results of the ECT values for the joint significance of the other equity mutual fund categories lagged endogenous variables show it is not a significant adjusted effect to long-run equilibrium relationships.
The results of the estimated ECTs for the post-crisis period are presented in Panel 2, Table 2 . The ECT value has no significant effect when the S&P/ASX All ordinaries index is treated endogenously. The results suggest that, in the long-run, the six equity mutual fund categories do not contribute significantly to changes in the stock market index prices during the post-financial-crisis period. An ECT of −.043 implies that the feedback into the short-run dynamic process from the previous period is 4.3%. The ECT shows that the speed of an adjustment of the stock market index prices fr om shortrun to long-run equilibrium is slow, and that none of the equity mutual fund categories contribute to much change in the S&P/ASX All ordinaries index prices in the long run, with the exception of the middle and small-cap blend equity mutual funds at the 5% level of significance.
The ECT value has a significant effect on the large-cap growth equity mutual funds at the 5% level, when this variable is treated endogenously. This indicates that the other equity mutual fund price categories and the stock market index price do contribute to changes in the large-cap growth equity mutual fund prices in the long run. An ECT of −.046 implies that if the large-cap growth equity mutual fund prices are too high in the short term, they will decrease by 4.6% per time period to eliminate the discrepancy caused by their own shocks and equity mutual fund price shocks. The results of the ECT values for the joint significance of equity mutual funds lagged endogenous variables is not a significant adjusted effect on long-run equilibrium for large-cap blend and value equity mutual funds and middle and small-cap equity mutual funds, when these five variables are treated endogenously. This indicates that none of the categories contribute significantly to changes in the largecap blend and value equity mutual fund prices, and middle and small-cap equity mutual fund prices, in the long run. The results of the estimated ECTs for the full study period are presented in Panel 3, Table 2 . The ECT value has no significant effect on the stock market index price, when that is treated endogenously. The results suggest that, in the long-run, the six equity mutual fund categories do not contribute significantly to changes in the stock market prices. An ECT of the stock market (−.002) implies that the feedback into the short-run dynamic process from the previous period is very slow. The ECT value has a significant effect on the large-cap growth and value equity mutual funds at the 5% level, when these two variables are treated endogenously. The results indicate that the other equity mutual fund price categories and the stock market index price contribute to changes in the large-cap growth and value equity mutual fund prices in the long run. An ECT of large-cap growth equity mutual funds (−.004) and large-cap value equity mutual funds (−.003) implies that the feedback of large-cap growth equity mutual funds into the short-run dynamic process from the previous period is very slow. The results of the ECT values for the joint significance of equity mutual funds lagged endogenous, variables do not show a significant adjusted effect of a long-run equilibrium relationship for large-cap blend equity mutual funds and middle and small-cap equity mutual funds. This indicates that none of the categories contribute significantly to any change in the large-cap blend equity mutual fund prices and middle and small-cap equity mutual fund prices in the long run.
Johansen's cointegration tests within the VECM framework are used to identify a long-run equilibrium relationship between variables. Table 3 summarizes the results for both Trace and Maximum eigenvalue statistics for the pre-crisis, post-crisis and full study periods (see Panels 1-3).
In the case of the pre-crisis and post-crisis periods, it shows that there are two cointegrating vectors at the 1% significance level using the critical value for Trace statistics. In the case of the full study period, the results show that there is one cointegrating vector using the critical value for the Trace and Maximum eigenvalue statistics at the 1% significance level. It can be seen that the Trace and the Maximum eigenvalue tests indicate that there is the long-term equilibrium relationship between the equity managed fund prices and the stock market index price. Investors are not likely to achieve considerable benefits by diversifying between these financial instruments in the long-run, as their prices have been shown to have been dependent of each other.
The result suggests that equity mutual fund categories have not tried to design their portfolios to beat the stock market in the long run. The existence of long-run equilibrium supports the rational expectations theory and previous studies in this field. For example, Matallin and Nieto (2002) find a number of Spanish mutual funds cointegrated with the Spanish stock market index (The Ibex 35) where 11 out of 63 funds studied were cointegrated with the local stock market with structural breaks throughout the study period. Matallin and Nieto mention that the security selection and market timing abilities of fund managers have a massive impact and lead to the existence or absence of cointegration between mutual fund prices and the local market index price. Chu (2010) finds evidence of cointegration between equity mutual funds and the local stock market index using the hong Kong stock market. A figure of 45.61% of the sample of equity mutual funds has a long-run price relationship with the local stock market index during the non-crisis period. Chu (2011) finds that 44.44% of the equity mutual funds are cointegrated with the hong Kong stock market index. however, Ben-Zion et al. (1996) , and Low and Ghazali (2007) contradict these studies and, in their research, find no evidence of a long-run relationship during the non-crisis period. Granger (1988) suggests that, if the ECT in the cointegration vector is a representation of the data, then Granger-causality must exist in at least one direction. Based on the VECM results, the study performs Block Exogeneity Wald tests with a chi-square statistic to indicate the existence of Grangercausality when all variables interact in one system. This study undertakes further analysis to investigate the price linkages in the short-run relationship between six equity mutual fund categories, and makes new contributions to the related literature by showing price linkages between them in the short-run, both before and after the recent financial crisis. Table 4 reports the results of the short-run relationships between the specified variables for the pre-crisis, post-crisis and full study periods (see Panels 1-3).
The results of the Granger-causality tests for the pre-crisis period are presented in Panel 1 of Table 4 and suggest that the S&P/ASX All ordinaries index prices are determined by the large-cap equity mutual fund prices and the middle and small-cap value equity mutual fund prices. The results further indicate the large-cap value equity mutual fund prices contribute more than other equity mutual fund prices to changes in the S&P/ASX All ordinaries price followed by large-cap blend equity mutual fund prices. The results of the VECM Granger-causality tests treating large-cap equity mutual funds as an endogenous variable indicate that the large-cap blend equity mutual fund prices contribute more than the large-cap growth mutual fund prices to changes in the large-cap value equity mutual fund prices. The study finds that, in the short-run, the large-cap blend equity mutual fund prices are determined by large-cap growth equity mutual fund prices. The middle and small-cap value equity mutual fund prices are determined by large-cap growth equity mutual fund prices.
The results of VECM Granger-causality tests treat middle and small-cap mutual funds as endogenous variables. The study finds that the middle and small-cap growth equity mutual fund prices contribute more than the middle and small-cap value mutual fund prices to changes in the middle and small-cap blend equity mutual fund prices.
The results of the Granger-causality tests for the post-crisis period are presented in Panel 2 of Table 4 and show a bidirectional causal relationship between the middle and small-cap value equity mutual fund prices and the S&P/ASX All ordinaries index prices at the 10% level of significance. The results indicate the stock market index prices do contribute considerably to changes in middle and small-cap value equity mutual fund prices. The study finds that the S&P/ASX All ordinaries index prices have an influence on the large-cap value equity mutual fund prices in the short-run. Therefore, the S&P/ASX All ordinaries index prices are determined by the middle and small-cap blend equity LG), value (LV), and middle and small-cap: blend (MSB), growth (MSG), and value (MSV)).
*rejection of the hypotheses of non-causality at the 1% significance level.
**rejection of the hypotheses of non-causality at the 5% significance level.
***rejection of the hypotheses of non-causality at the 10% significance level.
mutual fund prices in the short-run at the 5% significance level. The results of the VECM Grangercausality tests treating large-cap equity mutual funds as an endogenous variable indicate that, in the short-run the large-cap growth equity mutual fund prices are determined by large-cap blend and value equity mutual fund prices. The evidence shows that the large-cap value equity mutual fund prices have an influence on the middle and small-cap value equity mutual fund prices in the shortrun relationship.
Furthermore, the results of variance decomposition support the results of Granger-causality tests, indicating the large-cap growth equity mutual funds have a relatively lower strength of exogeneity in relation to other large-cap equity mutual funds. The results of VECM Granger-causality tests treat middle and small-cap mutual funds as an endogenous variable, indicating that the price of middle and small-cap blend and growth equity mutual funds have an effect on the middle and small-cap value equity mutual fund prices. The evidence also shows that the middle and small-cap blend and growth equity mutual fund prices have an influence on the large-cap growth equity mutual fund prices in the short run.
The results of the Granger-causality tests for the full study period are presented in Panel 3 of Table 4 and suggest that Granger-causality results show the large-cap value equity mutual fund prices are determined by the S&P/ASX All ordinaries index prices at the 5% significance level. The results of the VECM Granger-causality tests treating large-cap mutual funds as an endogenous variables indicate that the large-cap blend equity mutual fund prices contribute greatly to change in the large-cap value equity mutual fund prices. The large-cap blend equity mutual fund prices are determined by middle and small-cap value equity mutual fund prices. The study finds that the large-cap growth equity mutual fund prices have an influence on the value equity mutual fund prices in the short run. The results of VECM Granger-causality tests treating middle and small-cap mutual funds as endogenous variables indicate that the middle and small-cap growth equity mutual fund prices contribute more than the middle and small-cap value equity mutual fund prices to changes in the middle and small-cap blend equity mutual fund prices. Moreover, the middle and small-cap growth equity mutual fund prices have an influence on the large-cap blend equity mutual fund prices. The study finds that the value equity mutual fund prices are determined by middle and small-cap growth equity mutual fund prices.
The findings support previous studies in this field for example; Low and Ghazali (2007) and Chu (2010) find weak evidence of a one-way market-to-fund causality and conclude that changes in prices of equity mutual funds do not cause changes in the stock market prices. Low and Ghazali (2007) find that 13 out of 35 funds studied have causal links with the stock market. Chu (2010) finds 56.43% of the sample of equity mutual funds have causal links with the local stock market index during a non-crisis period. Chu (2011) shows that 10 out of 15 equity funds have a one-way shortrun relationship with the local stock market index and this runs from market to equity funds. however, Ben-Zion et al. (1996) find mutual funds have a significant two-way causal relationship with the local market.
Variance decomposition is employed to determine the relative quantitative importance of shocks to the variables in the VECM system. A one standard deviation shock is imparted to the endogenous variable and the effects of that shock are observed in the exogenous variables, which include the shocked endogenous variable. The variance decomposition measures the contribution of each innovation at different moments using a 30 days ahead forecast error variance of the dependent variables. To obtain the variance decomposition of price linkages, the Cholesky decomposition is used. The study's use of Cholesky decomposition starts with the S&P/ASX All ordinaries index and is followed by an analysis of the significance of the ECTs, which are ranked according to the magnitude and significance of the variables. Variance decomposition is calculated for the estimated VECM and is given by percentages in Tables 5-7. The results of forecast error variance decomposition for the Australian stock market index and equity mutual funds during the pre-crisis period (see Table 5 ) demonstrate that the S&P/ASX All ordinaries index has a relatively lower strength of exogeneity among the interacting variables. This indicates that almost 70.40% of the S&P/ASX All ordinaries index variance is explained by its own shock after 30 days. Movements in the S&P/ASX All ordinaries index prices do not explain the forecast error variances of any other equity mutual funds, except for the large-cap blend equity mutual funds (20.09%), while the large-cap equity mutual fund prices can explain a sizable portion of the S&P/ASX All ordinaries index price after 30 days. These categories are the large-cap blend equity mutual funds (16.98%), the large-cap growth equity mutual funds (10.66%), and the large-cap value equity mutual funds (11.63%).
The results of variance decomposition also indicate that the middle and small-cap growth equity mutual funds have relatively less strength of exogeneity in comparison to other equity mutual funds variables. The result shows 94.28% of middle and small-cap growth equity mutual funds' variance is explained by its own shock after 30 days. Movements in the middle and small-cap growth equity mutual funds do not explain forecast error variances of any other equity mutual funds, while the other equity mutual fund categories can explain a sizable portion of the middle and small-cap growth equity mutual fund prices after 30 days. These categories are the large-cap blend equity mutual funds (43.66%), the large-cap growth equity mutual funds (50.90%), the large-cap value equity mutual funds (42.80%), the middle and small blend equity mutual funds (63.56%), and the middle and small value equity mutual funds (56.36%).
The results of forecast error variance decomposition for the Australian stock market index and equity mutual funds during the post-crisis period (see Table 6 ) demonstrate that the S&P/ASX All ordinaries index has a relatively less strength of exogeneity in relation to the equity mutual funds variables.
Approximately 83.78% of the S&P/ASX All ordinaries index's variances can be explained by its own shock after 30 days. Movements in the S&P/ASX All ordinaries index prices do not explain the forecast error variances of any other equity mutual funds, except for the large-cap blend equity mutual funds (5.56%), the middle and small-cap growth equity mutual funds (5.68%), and the middle and small-cap value equity mutual funds (3.19%). While the equity mutual fund prices can explain a sizable portion of the S&P/ASX All ordinaries index price after 30 days. These categories are the largecap blend equity mutual funds (70.12%), the large-cap growth equity mutual funds (74.57%), the large-cap value equity mutual funds (68.04%), the middle and small blend equity mutual funds (70.39%), the middle and small growth equity mutual funds (61.55%), and the middle and small value equity mutual funds (64.75%). The results of variance decompositions suggest that the large-cap growth equity mutual funds have relatively less strength of exogeneity in comparison to the equity mutual funds. The result shows 7.26% of the large-cap growth equity mutual funds' variance can be explained by its own shock after 30 days. Movements in the large-cap growth equity mutual funds do not explain the forecast error variances of any other equity mutual funds, except for the large-cap blend equity mutual funds (8.76%), the large-cap value equity mutual funds (3.39%), and the middle and small growth equity mutual funds (4.56%). The other equity mutual fund categories on the other hand, seem to increase gradually resulting in a sizable portion of the large-cap growth equity mutual fund prices after 30 days. These categories are the large-cap blend equity mutual funds (5.39%), the large-cap value equity mutual funds (2.88%), the middle and small growth equity mutual funds (4.04%), and the middle and small value equity mutual funds (2.02%).
The results of forecast error variance decomposition for the Australian stock market index and equity mutual funds during the full study period (see Table 7 ) demonstrate that the S&P/ASX All ordinaries index has a relatively lower strength of exogeneity in relation to the equity mutual funds variables. Approximately 98.94% of the S&P/ASX All ordinaries index's variances can be explained by its own shock after 30 days. Movements in the S&P/ASX All ordinaries index prices do not explain the forecast error variances of any other equity mutual funds, while the equity mutual fund prices can explain a sizable portion of the S&P/ASX All ordinaries index price after 30 days. These categories are the large-cap blend equity mutual funds (55.94%), the large-cap growth equity mutual funds (52.44%), the large-cap value equity mutual funds (49.39%), the middle and small blend equity mutual funds (40.41%), the middle and small growth equity mutual funds (29.69%), and the middle and small value equity mutual funds (30.60%).
The result of variance decompositions also indicates that the large-cap value equity mutual funds have relatively less strength of exogeneity in comparison to other equity mutual funds variables. The result shows 14.86% of the large-cap value equity mutual funds' variance is explained by its own shock after 30 days. Movements in large-cap value equity mutual funds do not explain forecast error variances of any other equity mutual funds, whereas the other equity mutual fund categories seem to increase gradually resulting in a sizable portion of the large-cap value equity mutual fund prices after 30 days. These categories are the large-cap blend equity mutual funds (2.19%), the large-cap growth equity mutual funds (.55%), the middle and small blend equity mutual funds (.37%), the middle and small growth equity mutual funds (.52%), and the middle and small value equity mutual funds (2.33%). Thus, the results of the variance decompositions are related to the results of Grangercausality tests during the three study periods.
The results indicate that the six equity mutual fund categories are exogenous in the stock market VECM, but the major exogenous force is the shocked endogenous stock market variable. In the first sub-period the relative strength of exogeneity lies with the shocked share price index followed by large-cap blend equity mutual funds in that order over 30 days. In the second sub-period, the relative strength of exogeneity lies with the shocked share price index, followed by middle and small-cap growth equity mutual funds in that order over 30 days. In the full period, the relative strength of exogeneity lies with the shocked share price index, followed by large-cap blend equity mutual funds in that order over 30 days. Therefore, the results of ECTs also support the results of the variance decomposition in that the latter also indicates the speed of the model towards equilibrium. The forecast error variance decomposition finds that there is evidence of the contribution of the variables in the system changing dramatically after 30 days.
conclusion
This study presents cointegration and causality approaches to study the price behaviour of equity mutual fund effects on the S&P/ASX All ordinaries index. In particular, long-run price co-movements of the seven price series are detected by employing the Johansen and Juselius cointegration and VECM methodology, while the VECM coupled Granger-causality and Block Exogeneity Wald test with variance decompositions and an examination of ECT are used to explain price co-movements between the variables in the short-run for pre-crisis, post-crisis, and full study periods.
The results of the cointegration tests reveal that there is long-run equilibrium relationship between equity managed funds and the S&P/ASX All ordinaries index during the three study periods. This indicates that, in the long-run, the price of equity mutual funds cannot diverge from that of the stock market index since equity mutual funds have not designed their portfolios with the aim of trying to win the market in the long run. The findings support a linear relationship when equity mutual fund prices and the stock market index price are combined, which forces these prices into a long-run equilibrium relationship. According to rational expectations, this study implies that stock market prices can be partially predicted using equity mutual fund prices. This is because equity mutual funds are engaged in passive stock selection and market timing to construct their portfolios in the long run. hence, equity mutual funds offer an attractive option for investors wanting a passive management strategy and to replicate the behaviour of the Australian stock market.
In the short-run dynamics, the results suggest that the causal relationship runs both ways between equity mutual fund prices and the stock market during the three study periods. This implies that equity mutual funds are not responding to the past changes in the stock market during the pre-crisis period. Consequently, investors cannot find the direction in equity mutual fund prices by observing movements in the stock market. Therefore, the price of the value equity mutual funds can be predicted by observing movements in the stock market because such finding suggests that value equity mutual funds respond to past changes in the stock market during the post-crisis and full study periods. The results of variance decomposition support the results of Granger-causality tests, indicating that the S&P/ASX All ordinaries index variable is a strongly exogenous in relation to equity mutual funds during the pre-crisis period.
In terms of the relationships between different equity mutual fund categories, a short-run relationship exists among the equity mutual fund capitalization categories. In addition, the findings suggest a short-term Granger causal relationship, running from middle and small-cap equity mutual funds to large-cap equity mutual funds. This study confirms the previous findings of middle and small-cap equity mutual fund categories, in that they are more active trading strategies than large-cap equity mutual funds, especially during the post-crisis period. hence, observing movements in particular equity mutual fund prices can be used to forecast the price of the other equity mutual fund categories.
The results of the study clearly encourage policy makers and investors to pay attention to equity mutual funds in Australia. The results confirm the capability of equity mutual funds to replicate the stock market index, for the findings suggest that investing in equity mutual funds is equivalent to investing directly in the stock market. Thus, the evidence of causality and cointegration imply the possibility of profiting from arbitrage, because investors may gain insights into the future prices of the stock market index and equity mutual funds by observing the price movements in one of the equity mutual fund categories. The underlying rational expectation theory coupled with past evidence in this field is supported by the results of the study.
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